Unraveling Site-Specific and Combinatorial Histone Modifications Using High-Resolution Mass Spectrometry in Histone Deacetylase Mutants of Fission Yeast.
Histone deacetylases (HDACs) catalyze the removal of acetylation marks from lysine residues on histone and nonhistone substrates. Their activity is generally associated with essential cellular processes such as transcriptional repression and heterochromatin formation. Interestingly, abnormal activity of HDACs has been reported in various types of cancers, which makes them a promising therapeutic target for cancer treatment. In the current study, we aim to understand the mechanisms underlying the function of HDACs using an in-depth quantitative analysis of changes in histone acetylation levels in Schizosaccharomyces pombe (S. pombe) lacking major HDAC activities. We employed a targeted quantitative mass spectrometry approach to profile changes of acetylation and methylation at multiple lysine residues on the N-terminal tail of histones H3 and H4. Our analyses identified a number of histone acetylation sites that are significantly affected by S. pombe HDAC mutations. We discovered that mutation of the Class I HDAC known as Clr6 causes a major increase in the abundance of triacetylated H4 molecules at K5, K8, and K12. A clr6-1 hypomorphic mutation also increased the abundance of multiple acetyl-lysines in histone H3. In addition, our study uncovered a few crosstalks between histone acetylation and methylation upon deletion of HDACs Hos2 and Clr3. We anticipate that the results from this study will greatly improve our current understanding of the mechanisms involved in HDAC-mediated gene regulation and heterochromatin assembly.